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ABSTRACT 
In the linac of International Linear Collider (ILC), there is no conventional ion- 
trapping due to the long bunch spacing of 150/300 ns. However, there is a very weak 
focusing and relatively poor vacuum (order of 100 nTorr) at room temperature, the fast 
ion instability may occur. The fast ion instability in the 14km long transportation line is 
estimated using numerical method.  
RTML LONG TRANSPORT LINE 
The long transfer line of the Ring to Main Linac (RTML) system is a beamline which 
transports the damped 5 GeV electron beam from the central damping ring complex to 
the turnaround, bunch compressor, and main linac, which are 15 km away.  The line uses 
a fairly weak FODO lattice to minimize total cost and to limit the emittance growth from 
dispersion in the event of magnet misalignments.  Figure 1 shows the betatron functions 
of the line.  The line uses a 36 meter quad spacing, comparable to the main linac’s quad 
spacing, but has a phase advance per cell of only 45 degrees. 
 
The transfer line must preserve the excellent beam quality which is generated by the 
damping rings.  One possible effect which could spoil the beam quality is the fast ion 
instability. 
LINEAR MODEL OF GROWTH TIME OF FAST ION INSTABILITY 
The fast ion instability is an interaction between the electron beam and the residual gas 
in the vacuum chamber in which the jitter of the injected beam is amplified along the 
length of the beam transport line.  The jitter growth is exponential in nature: 
 
A = exp(s/cτe),                                                      (1) 
 
Where s is the distance along the transfer line and τe is the growth time of the 
instability.  A growth time of infinity yields A = 1, ie no growth in the beam jitter (jitter 
out = jitter in).  The jitter amplification limit for the RTML is not known, but 10% (ie, A 
= 1.10) seems reasonable and consistent with the luminosity requirements of the ILC. 
 
The exponential growth rate of the fast ion instability with a relative spread of ion 
frequency  is given by [1]: rms
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Here, βy is average beta-function, γ is the relativistic gamma factor, re is the classical 
radius of the electron, σxy is beam size, and λi is the ion line density 
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where P is the pressure, nb is the number of bunches, N is the number of electrons per 
bunch,σi is the ionization cross-section and T is the temperature. The relative ion tune 
spread depends on the optics. 
Without gaps in the beam fill pattern, the ions with a relative molecular mass greater 
than Axy will be trapped horizontally (vertically), where 
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Where rp is the classical radius of proton, Sb is the bunch spacing in length. The ions 
at the transport section are not trapped due to the long bunch spacing (150~300ns). Also 
there are no gaps at the beam fill pattern. Therefore, the ion density (Eq. 3) doesn’t apply 
in this case. A simulation is required to find the saturation ion density and the optics 
effect. 
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Fig. 1 Optics of the long transport line 
SIMULATION MODEL AND RESULTS 
A numerical method is used to study the fast ion instability here. Ions are represented 
by macro-particles. The ions are initially distributed along the whole section to include 
the landau damping effect due to the ion frequency-spread. In order to clearly see the 
instability, the transport section is repeated until it is long enough for instability to build-
up. After we get the instability growth rate, the beam vertical jitter is calculated using the 
simulated growth rate and real length of the transport line. 
 
A vacuum of 100nTorr is assumed. The vacuum gas species and their cross section at 
5 GeV is shown in Table 1 [2]. 
 
Table 1 the parameters for the main molecular species 
Gas H2 CO CO2 H2O CH4 
Cross section (Mbarn) 0.35 2.0 2.92 1.64 2.1 
A 2 28 44 18 16 
 
The beam energy is 5 Gev with normalized emittances of 8×10-6 m⋅rad and 2×10-8 m⋅rad 
in x and y, respectively. The bunch intensity is 2×1010 particles per bunch for 300 nsec 
bunch spacing beam, and 1×1010 for 150 nsec bunch spacing beam. The ion effect 
depends on both the gas species and bunch spacing.  
 
Figure 2 shows the bunch oscillation amplitude as a function of time with assumed equal 
partial pressure for the gas species shown in Table 1.  The calculated beam jitter at the 
end of transport line is about 16% and 51% for the 300 nsec and 150 nsec spacing, 
respectively. A short bunch spacing causes more ions accumulated and thus a faster 
instability rate. Figure 3 shows betatron function effect on the instability of the beam with 
150ns bunch spacing. A small beta function can mitigate the instability. The beam jitter at 
the end of transport line reduces to 34% and 15% if the betatron function is scaled down 
by a factor of 2 and 3, respectively. If we assume there are only CO ion and H2 ion in the 
vacuum, the beam jitter reduce to 9% for 300 nsec bunch spacing beam. 
 
Since pressure and growth time are inversely proportional, we can extrapolate these 
results to lower pressures.  Reducing the residual gas pressure to 20 nTorr, for example, 
reduces the jitter at the end of the beamline to 3% for 300 nsec bunch spacing and 9% for 
150 nsec bunch spacing. 
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Figure 2 Vertical bunch oscillation amplitude for 300ns bunch spacing beam (a) and 
150ns bunch spacing beam (b) 
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Figure 3 Vertical bunch oscillation amplitude with different optics. Bunch spacing is 
150ns. 
 
